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The backlight is constructed in a manner that a plurality of such fluorescent 
lamps are installed at outer portions of a plastic light guide; that an alternating 
current type power source is applied from the outside to the fluorescent lamps by 
installing a plurality of the fluorescent lamps between a reflecting plate and a 
diffusing plate and electrically connecting them with one another; or that the 
fluorescent lamps are installed at a predetermined interval between upper and 
lower substrates with a layer of fluorescent substance applied thereon and 
spaced from each other, and electrodes to which an alternating current type 
power source is applied from outside are formed on opposite outer or inner faces 
of the assembled upper and lower substrates. According to the present invention, 
since the electrodes of the fluorescent lamps are formed at external portions and 
are repeatedly disposed, the fluorescent lamps can be interconnected in parallel 
to and driven by a single power source. Further, since the fluorescent lamps 
serve as a partition and simultaneously emit light by themselves, their uniform 
luminance can be maintained and thinner backlight can be obtained. The 
backlight of the present invention is driven by a square wave from a switching 
inverter, and is characterized by the use of an overshooting waveform and a 
self-discharge effect favorable to an initial discharge, thereby driving it by a low 
frequency of several dozen kHz and thus realizing high luminance and high 
efficiency. 

Data supplied from the esp@cenet database - Worldwide d22 



Courtesy of http://v3.espacenet.com 



This Patent PDF Generated by Patent Fetcher(TM), a service of Stroke of Color, Inc. 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
25 October 2001 (25.10.2001) 



PCT 



(10) International Publication Number 

WO 01/79922 Al 



(51) International Patent Classification^: G02F 1/1335 

(21) International Application Number: PCT/KRO 1/00423 

(22) International Filing Date: 16 March 2001 (16.03.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

2000-19887 
2000-32565 
2000-50025 
2000-83512 



15 April 2000 (15.04.2000) KR 

13 June 2000 (13.06.2000) KR 

28 August 2000 (28.08.2000) KR 

28 December 2000 (28.12.2000) KR 



(71) Applicants and 

(72) Inventors: CHO, Guang-Sup [KR/KR]; 106/203, Han- 
shin 2-cha Apt., Shinbanpo 2-jigu, 73, Chamwon-dong, 
Seocho-gu, Seoul 137-030 (KR). CHOI, £un-Ha 



[KR/KR]; 110/502, Life Apt., 366, Chunggyebon-dong, 
Nowon-gu, Seoul 139-023 (KR). 

(74) Agents: KIM, Dong^inetal.; 2,3th floor, Seobong Build- 
ing, 738-7, Yeoksam-dong, Gangnam-gu, Seoul 135-080 
(KR). 



(81) 



(84) 



Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, 
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, 
TR, XT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, H, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BE, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

[Continued on next page] 



(54) Title: BACKLIGHT INCLUDING EXTERNAL ELECTRODE FLUORESCENT LAMP AND METHOD FOR DRIVING 
THE SAME 



10 

\ 



11 



13 




o 



(57) Abstract: The present invention discloses a backlight 
including external electrode fluorescent lamps and a method 
for driving the backlight. The backlight includes fluorescent 
lamps having external electrodes made of an electrically 
conductive material for wrapping outer peripheral surfaces 
including edge cross-sections on both ends of a glass tube 
with a layer of fluorescent substance applied thereon. The 
backlight is constructed in a manner that a plurality of such 
fluorescent lamps are installed at outer portions of a plastic 
light guide; that an alternating current type power source is 
applied from the outside to the fluorescent lamps by installing 
a plurality of the fluorescent lamps between a reflecting plate 
and a diffusing plate and electrically connecting them with 
one another; or that the fluorescent lamps are installed at a 
predetermined interval between upper and lower substrates 
with a layer of fluorescent substance applied thereon and 
spaced from each other, and electrodes to which an alternating 
current type power source is applied from outside are formed 
on opposite outer or inner faces of the assembled upper and 
lower substrates. According to the present invention, since 
the electrodes of the fluorescent lamps are formed at external 
portions and are repeatedly disposed, the fluorescent lamps 
can be interconnected in parallel to and driven by a single 
power source. Further, since the fluorescent lamps serve as a 
partition and simultaneously emit light by themselves, their 
uniform luminance can be maintained and thinner backlight 
can be obtained. The backlight of the present invention is 
driven by a square wave from a switching inverter, and is characterized by the use of an overshooting waveform and a self -discharge 
effect favorable to an initial discharge, thereby driving it by a low frequency of several dozen kHz and thus realizing high luminance 
and high efficiency. 
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Backlight Including External Electrode Fluorescent Lamp and 
Method for Driving the Same 

Field of Invention 

5 The present invention relates to a fluorescent lamp having external electrodes 

and a backlight, and more particularly, to an improved backlight including an external 
electrode fluorescent lamp in which the external electrodes are installed at both ends 
of an electrodeless fluorescent lamp and a plurality of electrodes are electrically 
connected to one another, and a method for driving the backlight. 

10 

Background of Invention 

In general, a flat panel display is categorized as an active lighting type or a 
passive lighting type. The active lighting type includes a flat panel cathode-ray tube, 
a plasma display panel, an electronic active lighting element, a fluorescent display, a 

15 active lighting diode, etc. The passive lighting type includes a liquid crystal display. 

In the liquid crystal display of a passive lighting type flat panel display, the 
image is formed not by self-illumination but by the incidence of light from the outside 
of the liquid crystal panel. 

In order to solve the above problem, the backlight is installed at a rear face of 

20 the liquid crystal panel to enable irradiation of the display. Thus, the image formed 
on the liquid crystal display can be seen even in dark places. General requirements 
of the backlight dre high luminance, high efficiency, uniformity of the luminance, long 
life, thinness, light weight, low costs, etc. High efficiency and long life of the lamp 
is required for use in notebook PCs so as to reduce the electrical power consumption, 

25 whereas high luminance is needed in a backlight for use in monitors and TVs. 

A type in which a cold cathode fluorescent lamp (CCFL) is arranged, and a 
flat fluorescent lamp type in which lower and upper substrates with a fluorescent 
substance applied thereto are assembled, are bolJa widely used for backlights. The 
CCFLs can be divided into (i) edge light types using a plastic light guide and (ii) 

30 direct light types in which repeated light sources are disposed on a plane, in 
accordance with arrangement of the light source with respect to a display face. 

However, the CCFL according to the prior art operates at a high luminance of 
about 30,000 cd/m^, and as a result has a problem of lamp life. In particular, the 
edge light type is not suitable for a large screen panel in that luminance of the panel is 

35 low even though the CCFL itself is highly luminescent. In the direct light type, it is 
impossible to connect the CCFLs in parallel and to drive by a conventional inverter, 
and the arrangement distance between the CCFLs is large because the number of the 
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CCFLs disposed on a plane is limited in order to attain optimal luminance of the panel. 
Thus, a reflecting plate having a specific structure is required. Simultaneously, the 
thickness of the panel is with the distance between a diffusing plate and lamps in order 
to obtain uniform luminance. 
5 In the flat fluorescent lamp type it is necessary to have a snfficient thickness 

to prevent a substrate made of glass firom being damaged, since pressure, between Ihe 
upper and lower substrates to be assembled is lower than atmospheric pressure. As a 
result, there is a shortcoming in that the lamp weight increases. Further^ in case of 
the flat fluorescent lamp type, partitions and spacers made in the form of a bead or a 

10 cross are interposed between the upper and lower substrates in order to enlarge a 
screen area. Thus, the problems of weight increase due to the increase of the 
substrate iMckness and of heat generation due to low efficiency are more serious. In 
case of using the partitions, uniform luminance cannot be ensured since striped 
patterns of the partitions appear on the screen. 

15 Accordingly, it is required that the backlight be developed, so that it can be 

made lighter while ensuring high luminance and efficiency of the size-increasing 
liquid crystal display. 

The present invention is contemplated to solve the problems mentioned above. 
Further, the present invention is intended to provide a backlight including an external 

20 electrode fluorescent lamp, in which extemal electrodes are formed at electrodeless 
glass tubes, are overlapped, and can be driven in parallel. Furthermore, the invention 
intends to provide a method for driving the backlight. 

The electrode structure of the conventional extemal electrode fluorescent 
lamp (EEFL) includes various types, such as a belt type; a type that metal caps are 

25 bonded to a glass tube; a type in which spaces at both ends of the glass tube are bulged, 
etc, (Figure 11). Although the EEFL was intended to have longer life than the CCFL, 
it was not generally used as a light source for the backlight due to the problems of a 
EMI5 low effici9ncy, and a large size power source since high luminance can be 
obtained by driving the EEFL with a high frequency of about several MHz. Further, 

30 the EEFL was not employed as a light source of the backlight since its liraiinance and 
efficiency are low when a LC-resonance type inverter for driving the CCFL is used for 
driving the EEFL. 

Figure 11 shows the shapes of the conventional extemal electrode fluorescent 
lamps as compared to those of the present invention. Figure 11 (a) is a belt type 
35 extemal electrode characterized in that plurality pairs of the belt type electrodes are 
installed on a cylinder of the glass tube, and in that it can be driven at a high 
frequency of several MHz by decreasing the length of respective belt type electrodes. 
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The belt type EEFL in Figiare 11 (a) has an advantage that the electrodes can be 
further installed even at an intermediate portion of the glass tube since they are 
moimted on the cylmder of the glass tube. Recently, the backlight was constructed in 
a manner that the belt type external electrode fluorescent lamps are directly disposed 
5 onto the reflectiiig plate. And then, the external electrode fluorescent lamps attain 
high luminance of several 10^000 cd/m^ by driving the lamps at a high frequency of 
several MHz. In case of the elongate glass tube, installation of the belt type 
electrodes onto the intermediate portion of the glass tube is helpful to such a high 
frequency driving. However, there are problems in that uniformity and thinning of 

10 the panels cannot be realized due to decrease of luminance of the electrode portion. 
Furthermore, the high frequency driving basically results in problems in that EMI is 
emitted, efficiency of the electrodes is low, the high frequency power source caimot be 
made in a compact size, etc. The foregoing problems are disclosed in Japanese 
Patent Publication No. (Sho) 60-25488 (February 13, 1985), Korean Patent 

15 Application No. 10-1999-0052964, and Japanese Patent Application No. 98-336926 
(November 27, 1998), 

Figure 11 (b) is an external electrode of a type in which metal capsules are 
. bonded at the ends of the glass tube, and is characterized in that ferrodielectrics are 
applied onto the inside of the metal capsules. This type is disclosed in United States 

20 Patent No. 2,62<858 (June 6, 1953). The type of Figure 11 (b) is employed in case 
where the diameter of the glass tube is large. That is, in cases where the glass tube is 
thick, this type can be employed because of the electric capacitive voltage drop due to 
the glass tube itself. However, the bonded portions of the electrodes can be easily 
damaged since the coefficient of thermal expansion of the glass tubes is different from 

25 that of the metal. However, in case of a fine glass tube, like a cold cathode-ray tube 
generally used in the existing backlight, having its outer diameter of 2.6 mm aad its 
thickness of 0.5 mm or less, the type in which the metal capsules are bonded to the 
glass tubes does not have to be used since the electric capacitive voltage drop due to 
the thickness of the glass tube is small. 

30 Figures 11 (c) and (d) show lamps which are formed in a manner that the 

spaces at both ends of the glass tube are larger than that of an intermediate portion for 
the puipose of higji luminance and efficiency. It is disclosed in United States Patent 
Nos. 1,612,387 (November 28, 1926) and 1,676,790 (July 10, 1928). When the 
spaces at both ends of the glass tube are expanded as mentioned above, the luminance 

35 and efficiency of the lamp increase but it is difficult to apply this structure to a fine 
tube. 

The extemal electrode of the present invention can be applied to a fine tube 
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having an outer diameter of several mm, and it includes various types which can be 
modified on the basis of end-cap type electrode which both ends of the sealed glass 
tube are covered with. The end-cap type electrode for wrapping aroimd a cylindrical 
surface in addition to edge faces at both ends of the glass tube is advantageous over 
5 the belt type electrode for covering only the cylindrical surface, thereby achieving 
higher luminance and efficiency. According to the test results of the present 
applicant, higher luminance can be obtained as the electrode length in a direction of 
the glass tube increases. However, effective active lighting face decreases as the 
length of the electrode increases. Thus, when the electrode is employed in the 

10 backlight, the edge area of the panel from which light is not emitted increases because 
the electrode portions are large. Accordingly^ the end-cap type is advantageous over 
the belt type from the viewpoint that the electrode can be shortened. And 
particularly in the present invention, the belt type electrode does not have to be 
formed at the intermediate portion of the glass tube in its longitudinal direction. 

15 Currentiy, it is difficult to employ the type for expanding spaces at both ends of the 
glass tube due to the manufacturing process of the fine tube. In the present invention, 
a length of the electrode at both ends of the glass tube is first predetermined. When 
tbe end-cap electrode is used as a light source for either the edge light type or direct 
light type backlight, the length of the electrode is sufficiently maintained by bending 

20 the ends of the glass tube (unlike the straight metal capsule type) in order to minimize 
the edge area from which the light is not emitted. Thus, high luminance and 
efficiency of the electrode can be obtained 

In another aspect of the present invention, a method for driving the backlight 
employing the external electrode fluorescent lamps is provided, and in particular, a 

25 driving circuit for achieving uniform and high luminance and high efficiency of the 
large backlight is' provided. 

The prior technique for driving the cold cathode fluorescent lamp used 
. generally in the conventional backlight is disclosed in Korean Patent Laid-Open 
Publication No. 1998-028921. 

30 Figure 12 is a circuit diagram showing an IC for driving the CCFL for use hi 

the LCD panel disclosed in the prior art. It also shows a peripheral circuitry, and 
includes a lamp driving IC 100 having a plurality of I/O pins, a main electrical power 
circuit portion 120 having a half bridge circuit, and a lamp 140. 

The lamp driving IC 100 comprises a first pin 1 connected to an input voltage 

35 terminal, a second pin 2 connected to a predetermined minimum frequency terminal, a 
third pin 3 connected to a predetermined maximum frequency terminal, a fourth pin 4 
connected to a groimd voltage terminal, a fifth pin 5 coimected to a feedback ground 
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terminal, a sixth pin 6 connected to a predetermined comparative terminal, a seventh 
pin 7 coimected to a predetermined internal high voltage terminal, and a eighth pin 8 
connected to a predetermined external control signal terminal for determining 
ON/OFF of the IC circuit. 
5 Further, the main electrical power circuit portion 120 comprises the half 

bridge circuit which responds to an output signal of the predetermined pin of the lamp 
driving IC 100 and has a plurality of passive elements. The lamp 140 is constructed 
to be driven in response to a predetermined output signal of the main electrical power 
circuit portion 120. 

10 As a prior art example, power is supplied to the CCFL employed in the LCD 

backlight by means of an inverter. A principle of the inverter is to obtain a high 
voltage required for initiation and maintenance of the CCFL discharge from a low 
alternating voltage of several ten kHz, obtained from the LC-resonance type inverter 
by means of a boosting transformer. Here, a waveform outputted from the inverter 

15 takes the shape of sine wave. The LC-resonance type inverter has advantages that 
the device is simple and highly efficient. On the other hand, it is impossible to 
connect the CCFLs in parallel and to drive the CCFLs by a single iaverter. Therefore, 
the backlight in the form of direct light type or the type in which a plastic light guide 
is combined with the CCFLs, requires the mmiber of the inverter to correspond to the 

20 number of the CCFLs. 

The direct light type backlight, in which a plurality of the external electrode 
fluorescent lamps are disposed at edge areas or on a plane of the plastic light guide, 
can be driven by a single inverter by connecting the EEFLs in parallel. The reason is 
as follows: Since tlie electrode for the EEFL is not exposed at the discharge space, 

25 real current does not flow to the electrode, wall charges are collected on both electrode 
portions, and the discharge at both ends of the lamp is interrupted by formation of a 
reverse voltage due to the wall charges. Then, another lamp is discharged, and 
likewise the other wall charges are formed and the other lamps are sequentially 
discharged. Therefore, a plurality of the lamps can be light emitted by a single 

30 inverter. However, since the method for driving the EEFL by using the inverter from 
which sine waves used for driving the CCFLs are outputted caimot efficiently control 
the wall charges^ it produces much lower luminance and efficiency than that of the 
EEFL hgving a single tube. La. addition, when a plurality of EEFLs interconnected in 
parallel are driven by this inverter, the number of active lighting EEFLs is limited 

35 smce a time period wherein a high voltage is applied during one cycle is limited. 
Therefore, imiform luminance cannot be realized in case of tiie backlight where a 
number of the EEFLs are disposed on the plane thereof. 
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As mentioned above, even if the EEFLs can be driven by the LC-resonance 
type inverter of several ten kHz used in driving the CCFL, the backlight using the 
EEFL cannot be efficiently realized. Further, adoting the conventional high 
frequency driving of the EEFLs at several MHz, the problems of EMI, low efficiency 
5 and miniaturization of power source, etc. cannot be easily overcome. 

Summary of Invention 

The present invention is contemplated to solve the problems mentioned above. 
It is an object 6f the present invention to provide a backlight including external 

10 electrode-type fluorescent lamps capable of being driven in a parallel connection by 
disposing external electrodes formed at electrodeless glass tubes on outer portions of a 
plastic light guide or by superposing the electrodes on a reflecting plate, and to 
provide a driving method for achieving xmiform and high luminance and high 
efficiency of the backlight. 

15 The present invention provides external electrode fluorescent lamps capable 

of obtaining high luminance and efficiency by a low frequency driving of 100 kHz or 
lower and a backlight including the fluorescent lamps. 

The fluorescent lamps are generally driven by a LC-resonance type inverter. 
However, by driving the external electrode fluorescent lamps according to the present 

20 invention by a switching inverter circuit which outputs square wave pulses, the 
present invention has obtained at least two times luminance and efficiency as 
. compared to the driving method using the LC-resonance type inverter. That is, with 
respect to a single tube of the extemal electrode fluorescent lamps having an outer 
diameter of 2.6 nun and generally employed in the LCD-backlight, high luminance of 

25 several 10,000 cd/m^ and high efficiency of 50 Im/W or more were achieved. In 
particular, according to the test results of the present applicant, the EEFL has achieved 
greater efficiency than the CCFL at the point of luminance of about 10,000 cd/m^. 
Therefore, the EEFL would do credit to a light source of the backlight, if it can 
operate at the point of luminance having better efficiency based on the above 

30 characteristics. Unlike the CCFL, the present invention has further advantages in 
that the lamps have longer life, electrodeless lamps can be easily manufactured, and in 
that the lamps can be driven by a single inverter when a plurality of the extemal 
electrode fluorescent lamps are interconnected in parallel. 

Similar to the CCFL, the extemal electrode fluorescent lamps can be used in 

35 the form of an edge light type and a direct light type in the present invention. It is 
another object of the present invention to provide luminant partition type fluorescent 
lamps and a backlight employing the lamps, wherein the plurality of fluorescent lamps 



wo 01/79922 



PCT/KROl/00423 



with external electrodes formed are disposed between upper and lower substrates with 
fluorescent layers formed thereon and used also as partitions. The present invention 
is contemplated to solve the problems of driving the backlight employmg the 
fluorescent lamps mentioned above, and of driving the large backlight made by 
5 arranging the lamps in a plane. It is still another object of the present invention to 
provide a driving method for achieving uniform and high luminance and high 
efficiency of the large backlight. 

In order to achieve the above objects, an external electrode fluorescent lamp 
according to one aspect of the present invention comprises a glass tube into which a 

10 discharge gas is injected, of which an inner peripheral wall is coated with a layer of 
fluorescent substance, and of which both ends are then hermetically sealed; and end- 
cap type external electrodes configured to take the shape of bends such as an L-shape, 
a C-shape, a helical shape or a wave shape and to wrap both ends of the glass tube. 

In addition, a backlight according to another aspect of the present invention 

15 comprises a plastic light guide; fluorescent lamps disposed at edges of the plastic light 
guide and including glass tubes into which a discharge gas is injected, of which inner 
peripheral walls are coated with a layer of fluorescent substance, and of which both 
ends are then hermetically sealed, and end-cap type external electrodes for wrapping 
both ends of the glass tubes; and a switching inverter connected to the external 

20 electrodes for applying square wave signals having a frequency of lOOkHz or lower to 
the extemal electrodes. The external electrode fluorescent lamps include a plurality 
of external electrode fluorescent lamps interconnected in parallel. 

Furthermore, a backlight according to a further aspect of the present invention 
comprises a plurality of extemal electrode fluorescent lamps interconnected in parallel 

25 and including glass tubes into which a discharge gas is injected, of which inner 
peripheral walls are coated with a layer of fluorescent substance, and of which both 
ends are then hermetically sealed, and end-cap type extemal electrodes for wrapping 
both ends of the glass tubes; electrode connecting lines for connecting the end-cap 
type extemal electrodes of the plurality of extemal electrode fluorescent lamps in 

30 parallel; a reflecting plate; a difiusing plate; and a switching inverter connected to the 
electrode coimecting lines for applying square wave signals having a frequency of 
lOOkHz or lower to the electrode coimecting lines. The reflecting plate further 
includes a plurality of triangular stands interposed between the extemal electrode 
fluorescent lamps. The reflecting plate is in the form of wave for wrapping the 

35 extemal electrode fluorescent lamps. The backlight further includes a plastic light 
guide having diffusing grooves in which the extemal electrode fluorescent lamps are 
seated. The reflecting plate is in the form of triangular sawteeth and the extemal 
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electrode fluorescent lamps are disposed along troughs of the triangular sawteeth. 

Moreover, a backlight according to a further aspect of the present invention 
comprises glass tubes into which a discharge gas is injected, of which inner peripheral 
walls are coated with a layer of fluorescent substance, and of which both ends are then 
5 hermetically sealed; socket-tj^e multiple capsule electrode structures having a 
plurality of parallel-connected extemal electrode with which the glass tubes are 
coupled; a reflecting plate; a diffusing plate; and a switching inverter connected to the 
socket-type mxoltiple capsule electrode structures for applying square wave signals 
having a frequency of lOOkHz or lower to the socket-type multiple capsule electrode. 

10 In addition, a backlight according to a further aspect of the present invention 

comprises extemal electrode fluorescent lamps with extemal electrode portions 
thereof alternately disposed and transversely overlapped with each other in the middle 
of a panel; a reflecting plate; a difiusing plate; and a switching inverter connected to 
the extemal electrodes for applying square wave signals having a frequency of 

15 lOOkHz or lower to the extemal electrodes. Each of the fluorescent lamps includes a 
glass tube into which a discharge gas is injected, of which an inner peripheral wall is 
coated with a layer of fluorescent substance, and of which both ends are then 
hermetically sealed; and cap type extemal electrodes for wrapping both ends of the 
glass tube. The extemal electrodes of the extemal electrode fluorescent lamps are 

20 * madeof conductive transparent electrode materials. 

Furthertfiore, a backlight according to a further aspect of the present 
invention comprises an upper substrate with an upper layer of fluorescent substance 
applied on a bottom surface of the upper substrate; a lower substrate with a lower 
layer of fluorescent substance applied on a top surface of the lower substrate and 

25 which is installed to be opposite to the upper substrate; edge supporting stands 
interposed between the upper and lower substrates for hermetically sealing the upper 
and lower substrates; extemal electrode fluorescent lamps installed at a predetermined 
interval above the lower substrate; electrodes formed at corresponding outer surfaces 
on both sides of the assembled upper and lower substrates, respectively, and connected 

30 to electrode connecting lines to which an alternating current type power source is 
applied; a switching inverter connected to the electrodes for applying square wave 
signals having a frequency of 100 kHz or lower to the electrodes; and a discharge gas 
injected into an inner space upon sealing the upper and lower substrates. Each of the 
fluorescent lamps includes a glass tube into which a discharge gas is injected, of 

35 which an inner peripheral wall is coated with a layer of fluorescent substance, and of 
which both ends lare then hermetically sealed; and capsule type extemal electrodes for 
wrapping both ends of the glass tube. The extemal electrode fluorescent lamps are 
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not connected to the electrodes but disposed within the upper and lower substrates in a 
floating state. 

Moreover, a backlight according to a further aspect of the present invention 
comprises aa upper substrate with an upper layer of fluorescent substaace applied on a 
5 bottom surface of the upper substrate; a lower substrate with a lower layer of 
fluorescent substance applied on a top surface of the lower substrate and which is 
installed to be opposite to the upper substrate; edge supporting stands interposed 
between the upper and lower substrates for hermetically sealing the upper and lower 
substrates; multiple capsule type electrode structures constructed by coupling upper 

10 and lower electrodes having surfaces coated with ferrodielectrics and grooves at a 
. predetermined interval and then installed respectively on inner portions at both ends of 
the lower substrate; glass tubes coupled with, in parallel, the grooves of the multiple 
capsule typQ eledtrode structures installed respectively on inner portions at both ends 
of the lower substrate; electrode connecting lines connected to the multiple capsule 

15 type electrode structures; a switching inverter connected to the electrode coimecting 
lines for applying square wave signals having a frequency of 100 kHz or lower to the 
electrode connecting lines; and a discharge gas injected into an inner space upon 
sealing the upper and lower substrates. Each of the glass tubes has a discharge gas 
injected therein and an inner peripheral wall coated with a layer of fluorescent 

20 substance. Both ends of each of the glass tube are then hermetically sealed. 

Furthermore, the switching inverter constitutes a bridge circuit by four FETs 
A, B, C and D. A DC is applied to drains of the FETs A and C; sources of the FETs 
B and C are grounded; sources of FETs A and C are connected to drains of the FETs B 
and Dp respectively; and a boosting transformer is coimected between a connection 

25 point of the FETs A and B and a connection point of the FETs C and D. A square 
wave outputted from the switching inverter includes an overshooting. 

Moreover, a drive method for driving a backlight with a plurality of external 
electrode fluorescent lamps interconnected in parallel comprises the steps of dividing 
the plurality of external electrode fluorescent lamps into a plurality of predetermined 

30 regions; coimecting identical electrode connecting lines to external electrodes of the 
fluorescent lamps in the respective divided regions, respectively; coimecting switching 
inverters for oulputting square waves to the electrode connecting lines connected to 
the respective divided regions, respectively; applying an identical gate signal to each 
of the switching inverters; and supplying the electrode connecting lines with the in- 

35 phase square waves from the switching inverters in response to the gate signal. The 
switching inverter constitutes a bridge circuit by four FETs A, B, C and D. A DC is 
appUed to drains of the FETs A and C, sources of the FETs B and C are grounded. 
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sources of the FETs A and C are connected to drains of the FETs B and 
respectively, and a boosting transformer is connected between a connection point of 
the FETs A and B and a connection point of the FETs C and D. 

5 Brief Description of the Drawings 

Figure la is a perspective view of a straight end-cap type external electrode 
fluorescent lamp according to an example of the present invention. 

Figure lb is a partial perspective view of curved external electrode 
fluorescent lamps according to another example of the present invention 
10 Figure 2 shows illustrative views of arrangement manners of the backlight 

according to a first embodiment of the present invention, wherein external electrode 
fluorescent lamps are disposed at edge areas of a plastic light guide. 

Figure 3 a is an illustrative view showing an arrangement manner of the 
straight end-cap type fluorescent lamps of the direct light type backlight according to 
15 a second embodiment of the present invention. 

Figure 3b is an illustrative view showing an arrangement maimer of the 
curved electrode type fluorescent lamps of the direct light type backlight according to 
the second embodiment of the present invention. 

Figure 3 c is an illustrative view showing another arrangement maimer of the 
20 curved electrode type fluorescent lamps of the direct light type backlight according to 
the second embodiment of the present invention. 

Figure 3d is an illustrative view showing an arrangement manner of elongate 
fluorescent lamps bent at edge areas in the direct light type, backlight according to the 
second embodiment of the present invention. 
25 Figure 3e is an illustrative view showing a coimection manner by overlapped 

capsule structures of the direct light type backlight according to the second 
embodiment of the present invention. 

Figure 3f is an illustrative view showing a lamp-directional overlapped 
manner of the direct light type backlight for use in a large screen according to the 
30 second embodiment of the present invention. 

Figure 4 is an exploded perspective view of a direct light type backlight 
according to the second embodiment of the present invention. 

Figure 5 shows illustrative views showing arrangement manners of a 
reflecting plate and fluorescent lamps of the direct light type backlight according to 
35 the second embodiment of the present invention. 

Figure 6a is an exploded perspective view showing a state before a luminant 
partition type backlight according to a third embodiment of the present invention is 
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assembled. 

Figure 6b is a partially cut-away and exploded perspective view showing a 
state after the backlight of Figure 6a is assembled. 

Figure 6c is a conceptual view for illustrating a connection manner of 
5 electrodeless fluorescent lamps and multiple capsule electrodes that are disposed 
within substrates of the luminant partition type backlight according to the third 
embodiment of the present invention. 

Figure 7 is a schematic diagram showing a switching inverter according to an 
embodiment of the present invention and signal waveforms applied to gates of the 
10 inverter. 

Figure 8 is a schematic diagram showing a change of an output signal 
waveform of a switching inverter according to an embodiment of the present invention 
before and after discharge is initiated. 

Figure 9 is a schematic diagram showing a self-discharge phenomenon in a 
15 square wave driving according to an embodiment of the present invention. 

Figure 10 is a sketch showing an in-phase split driving for a large backlight 
according to another embodiment of the present invention. 

Figure 11 shows illustrative views of conventional external electrode 
fluorescent lamps. 

20 Figure 12 is a circuit diagram showing a CCFL driving IC for a conventional 

LCD panel and a peripheral circuitry thereof. 

Detailed Description for Preferred Embodiment 

Hereinafter, a fluorescent lamp according to an example of the present 
25 invention and a backlight employing the fluorescent lamp will be explained in detail 
with reference to the accompanying drawings. 

Figure 1 shows the fluorescent lamp 10 according to an example of the 
invention. 

Referring to the drawings, the fluorescent lamp 10 includes a cylindrical 
30 glass tube 11. The fluorescent substance 12 is applied onto an inner peripheral wall 
of the glass tube 11. After the fluorescent substance 12 is applied on the glass tube 
11, a discharge gas which comprises inert gas, mercury (Hg), etc. mixed with one 
another is injected into the glass tube, and then both ends of the glass tube are sealed. 
The glass tube 11 may have a cross-sectional area such as a cylindrical shape, a flat 
35 cylindrical shape, or an integrally bent mxilti-cylindfical shape. 

Referring to Figure la, end-cap type external electrodes 13 are respectively 
formed at opposite ends of straight outer peripheral surfaces of both ends of the sealed 
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glass tube 11. According to the test results of the present applicant, a sufficient 
length of the cap 'at an external electrode portion should be secured in order to achieve 
high luminance and high efficiency of the electrode. Therefore, the external 
electrode is formed by lengthening the end-cap electrode or bending both ends of the 
5 glass tube. The shape of the electrode thus formed includes various shapes such as a 
"L"-shape, a "C"-shape, a helical shape, a wave shape, etc. Such a curved external 
electrode is manufactured in various manners that end portions of the straight glass 
tube are directly bent or that the bent and separately manufactured glass tube with the 
electrodes installed therein is bonded to both ends of the straight glass tube coated 

10 with fluorescent substance, etc. 

The external electrodes 13 are made of electrically conductive material and 
have such a shape that they completely wrap aroimd the ends of the glass tube 11. 
Fluorescent substance cannot be applied onto an inner portion of the glass tube which 
corresponds to the external electrode. The external electrodes 13 may be formed by 

1 5 . attaching metal tapes or metal capsules to both ends of the glass tube or by dipping the 
ends of the glass tube into a metal solution, etc. Further, it is preferable that the 
extemal electrodes 13 be made of electrically conductive material having a low 
electric resistance such as Al, Ag, Cu, etc. 

In the present invention, if the glass tube is long, end caps disposed at both 

20 ends of the glass tube are needed and a belt type electrode at an intermediate portion 
of the glass tube is not required. The reason is that the longer the distance between 
opposite ends of the electrode, the more effective the luminance and efficiency of the 
EEFL. The belt type electrode is unfavorable in view of the luminance and 
efficiency as compared to the end-cap type electrode. Further, it is unfavorable for 

25 making the electrode thinner since its Ixmiinance is not imiform due to an electrode 
portion disposed at the intermediate position of the glass tube. 

On the other hand, in order to increase life of the glass tube and to improve 
the generation of secondary electrons, ferrodielectrics may be applied onto an inner 
side, corresponding to the extemal electrode 13, of the glass tube 11, or a separate 

30 structure coated with a dielectric may be inserted into both ends of the inner side of 
the glass tube, which in tum is sealed. Furthermore, in addition to ferrodielectrics, 
magnesium oxide or calcium oxide, etc., which can serve as a protective film and 
make the electron discharge easy, may be applied onto the inner side. 

Figure 2 shows edge active lighting type backlights according to a second 

35 embodiment of the present invention. As shown in the figure, the EEFLs may be 
disposed around the plastic light guide in various manners. The edge active lighting 
type electrode can be employed in the extemal electrode fluorescent lamp of the 
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present invention, in addition to the cold cathode fluorescent lamp, since the lamp 
having high luminance aud high efficiency can be realized by using the electrode 
structures such as an end-cap electrode and a curved electrode as shown in Figure 1, 
and the driving method employed in the present invention. Basically, the lamps of 
5 the present invention are plurally disposed at the edge portions of the plastic light 
guide, and the lamps interconnected in parallel are driven by a single inverter. The 
lamps of the present invention may be installed on both ends or along all the edge 
portions of the pljastic light guide, and may be multiply installed at each end. 

Figure 3 shows direct light type arrangement manners of the EEFLs 

10 according to the second embodiment of the present invention. The present invention 
is characterized in that high luminance and high efficiency are achieved by driving the 
parallel-coimected EEFL by means of the switching inverter. The fine tube having 
an outer diameter of 2.6 mm can obtain high efficiency at the point of the luminance 
of about 10,000 cd/m^. Therefore, in case of a surface light source for high 

15 luminance, in which a panel formed by direct light type arrangement has luminance of 
10,000 cd/m^ or higher, the EEFL is disposed on a planar reflecting plate to have 
smaller spacing between the lamps. However, in case of a surface light source used 
for several 1,000 cd/m^, the spacing between the lamps should be adequate and a 
specific stmcture of the reflecting plate for improving reflectivity thereof shoiild be 

20 employed, in order to achieve a high efficient backlight. 

Basically, all the lamps disposed on the reflecting plate are intercoimected in 
parallel and are driven by a single inverter. The area of the electrode portions from 
which the light is not emitted is minimized by disposing the straight EEFLs at an 
appropriate spacing as shown in Figure 3a, or by erecting the "L"-shape electrode 

25 from the plane as shown in Figure 3b, or by laying the "L"-shape electrode on the 
plane. In Figure 3d, in order to enhance active lighting efficiency of the lamps, the 
elongate lamps are disposed in a manner that they are bent at the edge portions of the 
panel. The type in which the electrodeless lamps are inserted into socket-type 
multiple capsule electrode structures as shown in Figure 3e is also employed in the 

30 present invention. 

Figure 3f shows an arrangement maimer of flie EEFLs for manufacturing an 
extra-large backlight. In this case, a plurality of the EEFLs are disposed in a 
longitudinal direction of the lamp, and reflective material is applied on an electrode 
face or the electrode itself is made of transparent electrode material in order to avoid 

35 sudden decrease of the luminance at the electrode portions. In order to compensate 
for the decrease of luminance at the overlapped portions of the electrodes of the lamps, 
the electrode portions are alternately disposed and transversely overlapped with each 
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other at an intermediate portion of the panel. In this case, decrease of luminance is 
minimized by coating an additional reflective material onto the electrode surface 
located at the intermediate portion of the panel or by forming the intermediate 
electrode with a traasparent electrode material. 
5 Figure 4 shows a backlight in wliich the direct light type EEFL according to a 

second embodiment of the present invention is employed. 

Referring to Figure 4, the reflecting plate 21 is provided in the backlight 20. 
The fluorescent lamps 22 are installed on an upper surface of the reflecting plate 21. 
As described above, the fluorescent lamps 22 are external electrode fluorescent lamps 

10 (EEFLs) in which the fluorescent substance is applied onto the inner peripheral 
surfaces of the lamps and the external electrodes 23 made of electrically conductive 
material are respectively formed at both ends of the outer peripheral surfaces of tiie 
lamps. In order to maintain their uniform luminance, a plurality of the fluorescent 
lamps 22 are disposed ia a constant interval on the upper surface of the reflecting plate 

15 21 and in a state where they are closely in contact with one another. 

Further, in order to electrically connect the fluorescent lamps 22, the current 
can flow among the external electrodes 23 of the fluorescent lamps 22, and an 
electrode connecting line 24 is connected to and extends from each of the outermost 
external electrodes 23 a. This causes all of the fluorescent lamps 22 to be driven in 

20 parallel when an alternating current type power source is applied thereto. 

A diffusing plate 25 is installed above the fluorescent lamps 22 to be opposite 
to the reflecting plate 21. It is preferred to maintain the diffusing plate 25 suitably 
spaced fi-om the fluorescent lamps 22 to prevent the image of the fluorescent lamps 22 
firom being formed thereon, wliich allows the unifonnity of luminance to be improved. 

25 Here, the spacing between the diffusing plate 25 and the fluorescent lamps 22 

corresponds to the diameter of the fluorescent lamps 22. For example, if the 
diameter of the fluorescent lamps 22 is 2.6 mm, the spacing between the diffusiag 
plate 25 and the fluorescent lamps 22 is also 2.6 mm. As a result, the minimum 
thickness will be 5.2 nma. 

30 The experiment of the applicant shows that the backlight 30 with the EEFL 

having an outer diameter of 2.6 mm employed therein had a luminance of 10,000 
cd/m^ or more and an efficiency of 50 hn/W or more, and that high heat was not 
created from the backlight. In particular, the longer the lamp-directional length of 
the panel using the elongate EEFL, the higher the obtained Ixmiinance and eflBciency. 

35 Figure 5 shows backlights according to the second embodiment of the present 

invention, with respect to shapes of the EEFL and the reflecting plate. In Figure 5a, 
the EEFLs are disposed on a simple planar reflecting plate in the spacing between 
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adjacent lamps corresponding to the diameter of the lamp. In this case, the backlight 
is intended to have a luminance greater than that of a single lamp of Figure 4. 
However, in Figwes 5b to 5d, the backlight is intended to have a luminance of the 
panel less than that of a single lamp and the lamps are disposed in the spacing between 
5 adjacent lamps corresponding to several times as large as the diameter of the lamp. 
In these cases, triangular stands are installed onto the reflecting plate in order to 
enhance reflectivity thereof as shown in Figure Sb, or a concave mirror type reflecting 
plate is installed as shown in Figure 5c. Further, the method for enhancing the 
reflectivity and luminance uniformity of the backlight by inserting the lamps into 

10 grooves formed in the plastic light guide and by installing the reflecting plate and the 
diffusing plate as shown in Figure Sd, can be employed. According to the 
experiment of the present applicant, the backlight having high efficiency of 50 Im/W 
or more at the luminance value of 1,000 cd/m^ or more was realized in a manner that 
the EEFLs having an outer diameter of 2.6 mm are disposed onto the reflecting plate 

15 at the interval of about 15 mm and that the distance between the lamp and the 
diffiising plate is set to 25 mm. 

Figure 6a shows a third embodiment of the backlight 30 according to the 
present invention before the backlight is assembled, and Figure 6b shows the 
assembled state of the backlight 30 shown in Figure 6a. 

20 Referring to Figures 6a and 6b, the backlight 30 includes an upper substrate 

31 and a lower feiubstrate 32 installed to be opposite to the upper substrate 31. A 
bottom surface of the upper substrate 31 is formed with an upper layer 33 of 
fluorescent substance. A top surface of the lower substrate 32 is also formed with a 
lower layer 34 of fluorescent substance. 

25 A plurality of fluorescent lamps 35 are installed at a predetermined interval 

above the lower substrate 32. The fluorescent lamps 35 serve to support the upper 
and lower substrates 31 and 32 when coupled, and simultaneously serve as a partition. 
External electrodes 36 made of electrically conductive material are installed at both 
ends of the outer peripheral surface of each of the fluorescent lamps 35, according to 

30 the characteristic of the present invention. 

In order to supply the backlight 30 with electrical power, an upper electrode 
37 and a lower electrode 38 are installed along the outer surfaces of the corresponding 
sides of the assembled upper and lower substrates 31 and 32, respectively. Each of 
the upper and lower electrodes 37 and 38 is made of an electrically conductive 

35 material and wraps a portion of the outer surface of each of the upper and lower 
substrates 31 and 32, in the form of a cover. At this time, since the enlargement of 
the formed area of the lower electrode 38 is advantageous to tiie obtainment of a 
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Stable electric discharge, it is preferred to dispose the lower electrode 38 on the bottom 
siirface of the lower substrate 32 as large as possible. 

Edge supporting stands 39 are installed between the upper and lower 
substrates 3 1 and 32 for hermetically sealing them and maintaining airtightness along 
5 the edges of the upper and lower substrates 31 and 32. A discharging gas is injected 
into the backlight 30 before sealed, with the edge supporting stands 39 interposed 
between the upper and lower substrates 3 1 and 32. 

The upper and lower electrodes 37 and 38 may be separately formed on the 
substrates 3 1 and 32, respectively, and then made so that the current can flow on both 
10 sides of the substrates 3 1 and 32. Alternatively, the upper and lower electrodes 37 
and 38 may be provided in the form of an integral cover after the substrates 3 1 and 32 
are assembled. ^ 

The upper and lower electrodes 37 and 38 are sxipplied with electrical power 
via electrode connecting lines 300 connected thereto at both sides of the substrates 31 
15 and 32. 

On the other hand, the external electrodes 36 formed on the fluorescent lamps 
35 are not connected directly to the upper and lower electrodes 37 and 38 but disposed 
in a floating state, so that they produce an electric discharge in a manner induced by 
electrical power supplied to the electrodes 37 and 38. Although the extemal 

20 electrode 36 may be excluded according to circumstances, the installation of the 
extemal electrode is advantageous to the obtainment of a stable electric discharge. 

When the backlight 30 constructed as such is supplied ^vith electric power 
tlirough the electrode connecting lines 300, the extemal electrode fluorescent lamps 35 
are separately manufactured and then disposed between the upper and lower substrates 

25 31 and 32 so that they serve as the partition and simultaneously emit light by 
themselves. 

Figures 6a and 6b of the present invention show a fundamental form of a 
liiminant partition type flat panel lamp. Such a lamp has an advantage in that the 
voltage can be applied to planar extemal electrode, but has a disadvantage in that high 

30 driving voltage should be applied because of an electric capacitive voltage drop due to 
the thickness of upper and lower glass substrates. In order to improve the foregoing, 
an electrode, that is made of metal coated with dielectric substance, can be installed on 
the inside of the planar plate. That is, the lamps can be connected to the electrical 
power via the electrode connecting lines led to the outside by coupling and sealing the 

35 upper substrate and the lower substrate, after multi-capsule electrode structures for 
mounting the electrodeless fluorescent lamp are installed on the inner portion at both 
ends of the lower substrate, as shown in Figure 6c. Direct current cannot flow 
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directly into the electrode, since ferrodielectrics are applied onto an entire surface of 
. the mnlti-capsnle electrode structure. As shown in Figure 6c, upper and lower parts 
(upper and lower electrodes) are separately manufactured so as to easily apply the 
ferrodielectrics on the inside of the grooves, and the ferrodielectrics are applied onto 
5 the entire surface of the grooves. And then, the electrodeless fluorescent lamps are 
mounted into the grooves and the upper and lower electrodes are combined. 

Therefore, a conventional backlight cannot maintain uniforai luminance 
because a portion where the fluorescent lamps are installed is darkened due to the 
installation of the fluorescent lamps if the fluorescent lamps are used as a partition. 

10 Whereas, according to the characteristics of the present invention uniform liraiinance 
can be obtained, because the fluorescent lamps 35 can emit light by themselves. In 
addition, since the fluorescent lamps 35 also serve as a partition, the glass thickness of 
the upper and lower substrates 31 and 32 are reduced, which is advantageous to light 
weight and the enlargement of area. 

15 An inverter, according to another embodiment of the present invention, for 

driving the backlight having the edge light type and direct light type EEFLs according 
to the above embodiments, and a method and operation of the inverter will be 
explained in detail. 

The switching inverter, according to an example of the present invention, is a 

20 combination of a switchiag circuit and a boosting transformer. The power source 
outputs square waves suitable for driving a plurality of external electrode fluorescent 
lamps interconnected in parallel; it can easily adjust the condition of a frequency and 
an outputted waveform, and has overshooting portions in the outputted waveform. 

The split drive type accordmg to another example of the present invention is 

25 applied to a large backlight due to the planar arrangement of the EEFLs, or to a large 
flat panel lamp in which the electrodes are coated with dielectric layers and an 
alternating-current type discharge is employed. With the split drive type, the large 
area is divided into some regions which, in turn, are driven by waveforms having 
identical ph2ises, thereby reducing the size of the driving apparatus and allowing stable 

30 and high speed drive. 

Figure 7 shows signal waveforms to be applied to a switching inverter 
according to an example of the present invention and gates thereof. This apparatus is 
designed for effectively driving a plurality of EEFLs interconnected in parallel. The 
circuit of the apparatus is characterized in that contrary to an LC-resonance type 

35 inverter used for driving the existing CCFL, it outputs high-voltage square waves by 
the combination of a boosting transformer and foxjr high-speed FETs serving as 
switches. Furthermore, a frequency of the outputted square waves, a voltage 
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maintaining ratio and the like are easily controlled by adjusting each of FET gate 
signals as shown in Figure 7. The operating principle of the switching inverter 
according to the present invention is as follows. In the state where DC is applied to 
the FET installed at the top end of the circuit and to the drains of the gates A and 
5 the gate signals having the shapes shown in Figure 7 are applied to the respective 
FETs. Then, in the respective FETs, the gates A and D are simultaneously turned on 
and then turned off^ with the gates C and B also operating in the same manner. At 
this time^ since the boosting transformer is connected to output terminals of the left 
and right FETs, the electric current flows altemately into a primary coil of the 

10 boosting transformer while the respective FETs are turned on. Therefore, the high- 
voltage square waves shown in Figure 8 are outputted from a secondary coil of the 
boosting transformer. This outputted waveforms are characterized in that contrary to 
a sine wave, voltage rising time is short and it has constant voltage maintaining 
regions, ha addition, due to the characteristics of the coil, a transient overshootmg 

1 5 voltage is produced in the region where the voltage suddenly varies. 

The operation of the inverter will be described in detail below. The 
outputted voltage waveform in the form of square wave produced from the switching 
inverter can stably operate the plurality of EEFLs intercoimected in parallel to obtain 
uniform luminance only with one switching inverter, contrary to the existing LC- 

20 resonance type inverter. This is because the square wave has a constant voltage 
maintaining region imlike a sine wave. In the case where the respective EEFLs are 
turned on by simultaneously applying the square waves thereto, since the applied 
voltage maintains a constant discharge voltage, unlike a sine wave, even if the 
respective EEFLs are sequentially timied on within one period of the applied voltage, 

25 the lighting of rdspective lamps becomes uniform to maintain constant luminescence 
uniformity. This is also because the voltage rising time of the square wave is shorter 
than that of a sine wave having the same frequency as the square wave. Many space 
charges and excited molecules remain in the tubes of the lamps after the lamps are 
sequentially turned on and off by the initially applied voltage, and the space charges 

30 among them are gradually recombined with wall chaises by an electric field formed 
between the space and wall charges formed ai'ound the electrodes in the initial 
discharge. The movement of such space charges and excited molecules depend on 
the intensity and on the change with time of the electric field acting on the tube. 
Since the voltage rismg gradient of the sine wave , is always smaller than that of the 

35 square wave having the same frequency as the sine wave, the voltage is applied for a 
relatively long time before starting a second discharge, Dxiruig that period of time, a 
kind of waU charge eliminating phenomenon, in which the space charges are 
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recombined with the wall charges formed in the initial discharge by the electric field 
formed by the applied voltage, occurs. Due to the above, the amount of wall charges 
is lowered, which results in reduction of the voltage region capable of maintaining the 
stable discharge, i.e., the maintaming voltage margin. Thus, the intensity of 
5 discharge is also lowered, so that the luminance and the efficiency are lowered. 
However, the square wave outputted from the switching inverter according to the 
present invention has a voltage rising tune relatively shorter than fliat of the sine wave 
and allows the applied voltage to exceed a discharge starting voltage and to start 
discharging before the space charges are recombined with the wall charges. 

10 Therefore, since the wall charge eliminating phenomenon mentioned above becomes 
insignificant, the maintaining voltage margin becomes relatively larger than that of the 
sine wave to allow of a stable operation. Moreover, the ejBfect of the steep, rising 
gradient of voltage allows an instantaneous and fast movement of the space charges, 
so that the effective collision of the space charges with flie neutral and excited 

15 molecules increases, thereby imparting additional effects that secondary electrons are 
actively produce^ to make the discharge strong and the maintaining voltage margin 
large. 

The overshooting voltage produced in the rising or lowering portion of the 
outputted waveform of the switching inverter shown m Figure 9 facilitates the starting 

20 of discharge, and permits separate adjustment of the output voltage after the starting of 
discharge to be eliminated. The magnitude of the overshooting voltage depends on 
the output transformer and the electrical capacity of the EEFL. The inventor found 
from an experiment that the magnitude of tlie overshooting voltage has a value of 
about 20% to 30% before the starting of discharge and is reduced to a value less than 

25 3% while the discharge is maintained after the starting thereof. That is, the effect of 
the overshooting voltage occurs only before the starting of discharge. The EEFL has 
the above characteristic since the EEFL has a net capacitive load before the starting of 
discharge, and has both capacitive and resistive loads after the starting of discharge to 
produce oscillating attenuation effects by the resistive component of load. As a 

30 result, this means that the overshooting voltage has an effect only before the starting 
of discharge, which facilitates the starting of discharge. Generally, whether a 
discharge tube is an AC type or a DC type, the voltage before the starting of discharge 
is higher than the discharge maintaining voltage. If there is an overshooting voltage 
in an outputted waveform, an applied voltage for starting to discharge may be reduced 

35 by that portion. For example, if the discharge starting voltage of a certain discharge 
tube is 1.3kV and the overshooting portion of a voltage waveform to be applied 
thereto is 30%, the discharge can start only with a mean output voltage of IkV. In 
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particular, the longer the length of the tube of EEFL, the higher the discharge starting 
voltage. A waveform having an overshooting portion is advantageous when an 
elongated tube is used. Another important effect is to be able to eliminate a voltage 
adjusting process generally performed after the starting of discharge. In practice, 
5 when a waveform having no overshooting portion is used, a method is employed for 
artificially lowering voltage on the grounds of the lifetime of the discharge tube, the 
luminance adjustment and the like after the starting of discharge by application of a 
voltage required' to start on the discharge. Since the switching inverter has a 
difference of about 20% to 30% in values of peak voltage between before and after the 

10 starting of discharge due to the presence of the overshooting voltage, the voltage is 
automatically adjusted to the level of the maintaining voltage after the starting of 
discharge, so that it is not necessary to attach a separate voltage adjusting device. 

Furthermore, a self-discharge effect by which the efficiency and the 
luminance are increased appears. The self-discharge is a phenomenon found only in 

15 an AC discharge tube, in which when a voltage applied fi-om the outside is lowered 
and reaches zero potential, in a case where the intensity of the wall voltage induced by 
the wall charges formed by the discharge is larger than the discharge starting voltage, 
a discharge occurs among the wall charges. Figure 8 shows the square waves 
generated from the switching inverter and the self-discharge phenomenon produced 

20 when the square waves are applied to the EEFL. In case where the self-discharge is 
produced, the discharge cvirrent and the number of luminescence per period of the 
voltage waveform are twice as many as those when it is not produced, but the intensity 
thereof is relatively smaller than that when the self-discharge is not produced. This 
is because some of the wall charges are eliminated due to production of the self- 

25 discharge. If such self-discharge is produced, the efficiency and the luminance are 
enhanced. 

A further embodiment of the present invention is a split drive type of large 
backlight A small backlight constructed by disposing EEFLs on a plane can be 
driven by a single switching inverter. However, since electric power to be consumed 

30 becomes large as the area becomes large, the size of a boosting transformer used for 
the inverter is large. Thus, it is difficult to manufacture a small switching inverter. 
In addition, if the length of a line for applying a voltage is increased, problems such as 
signal interference, impedance matching, etc. are caused, thereby causing the 
luminance not to be uniform. The problems in the above case are solved by 

35 employing a split drive manner in which the entire backlight is divided into regions 
having appropriate sizes and the divided regions are driven by switching inverters for 
outputting consistently voltage waveforms having the same phase, as shown in Figure 
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10. Here, the reason why the outputted waveform of each switching inverter must 
have the same phase is that a leakage of electricity can occur at adjacent portions 
between the divided regions if the phases are different from each other. The method 
by which the outputted waveform of each switching inverter has the same phase is to 
5 independently connect a FET for performing high speed switching of the switching 
inverter at each region with a boosting transformer and to share a gate signal for the 
FETs. At this time, since a circuit for generating gate signals is shared, the cost is 
saved in comparison with the case where a plurality of switching inverters are used, 
and the size of the boosting transformer can be reduced to make compact manufacture 
10 possible. 

As described above, since in the backlight, including the external electrode 
fluorescent lamps and the method for driving the backlight according to the present 
invention, the external electrodes are installed at both ends of the outer peripheral 
surfaces of the fltiorescent lamps which, in turn, are disposed on a plane, the following 

15 effects are obtained. 

First, since the electrodes of the fluorescent lamps are formed at the outside, it 
is easy to manufacture the fluorescent lamps. By employing the straight end-cap 
manner or the manner of bending both ends of the glass tube in order to make the 
length of both electrodes of the glass tube sufficient, high luminance and high 

20 efiRciency are realized. With the constitution in which the fluorescent lamps are 
disposed at the edges of the plastic light guide or repeatedly disposed in a plane, the 
fluorescent lamps are connected to one power source in parallel and can be driven by 
the power soxrrce so that the thin backlight having high luminance and high efficiency 
which can be easily manufactured is obtained. 

25 Second, since the fluorescent lamps serve as a partition and simultaneously 

emit light by themselves, uniform luminance can be maintained. Due to the use of 
. the fluorescent lamps as the partition, the thin upper and lower substrates can be 
employed. Thus, a surface light source having a large area, which ensures uniform 
luminance, can be manufactured. 

30 Third, since the backlight constructed by disposing the plurality of external 

electrode fluorescent lamps is driven by a low firequency of several dozen kHz, the 
problem of EMI can be avoided. 

Fourth, since the switching inverter, according to the present invention, with 
the high speed FET coupled with the boosting transformer outputs high voltage square 

35 waves and produces the overshooting voltage, a high speed drive having imiform 
luminance can be made; the discharge starting voltage can be naturally lowered; and 
the self-discharge effect can be obtained. With such effects, high luminance and high 
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efficiency are obtained. 

Fifth, according to tiie switching inverter of the present invention constructed 
by sharing a gate signal of the FET element and independently connecting only the 
boosting transformers in order to divide and drive a display screen in the large 
5 backlight, the voltage having the same phase is applied to each of the divided display 
screens, so that leakage of electricity between adjacent divided regions is prevented to 
make the discharge stable. And thus uniform luminance is obtained in the large 
backlight. In addition, since the length of line to which the voltage is applied can be 
reduced and the problems of signal interference and impedance matching can be 

10 avoided, it is advantageous to realize the effect of uniform luminance. Furthermore, 
since the size of the boosting transformer can be reduced and the gate signal generator 
is shared, a compact switching inverter is obtained. 

Moreover, according to the switching inverter of the present invention, i) a 
plurality of EEFLs interconnected in parallel can be driven at high speed only by one 

15 switching inverter to make luminance uniform, ii) the discharge starting voltage can 
be reduced due to the presence of an overshooting voltage, and iii) the luminance and 
the efficiency thereof can be enhanced due to the presence of self-discharge. 

Although the present invention has been described with reference to the 
preferred embodiment as shown in the drawings, it should be imderstood that the 

20 embodiment is ijnerely illustrative and those skilled in the art will make various 
modifications and its equivalents from the embodiment. Therefore, the true scope of 
the present invention must be defined by the claims attached hereto. 
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What is claimed is: 

1. A fluorescent lamp comprising: 

a glass tube into which a discharge gas is injected and which is then 
5 hermetically sealed; 

a layer of fluorescent substance applied on an inner peripheral wall of said 
glass tube; and 

external electrodes of electrically conductive material formed on both ends of 
an outer peripheral surface of said glass tube to wrap said ends. 

10 ■ 

2. An extemal electrode fluorescent lamp comprising: 

a glass tube into which a discharge gas is injected and of which an inner 
peripheral wall is coated with a layer of fluorescent substance, both ends of said glass 
tube being then hermetically sealed; and 
15 end-cap type extemal electrodes configured to take the shape of bends such as 

a L-shape, a C-shape, a helical shape or a wave shape and to wrap said both ends of 
said glass tube. 

3. A backlight comprising: 
20 a reflecting plate; 

a plurality of fluorescent lamps disposed on an upper surface of said reflecting 
plate, each of said fluorescent lamps having a layer of fluorescent substance applied 
on an inner peripheral wall of a glass tube of said fluorescent lamp, and extemal 
electrodes of electrically conductive material formed on both ends of an outer 
25 ■ peripheral surface of said glass tube to wrap said ends; and 

a diffusing plate installed above said fluorescent lamps to be opposite to said 
reflecting plate. 

4. The backlight as claimed in Claim 3, wherein a current flows among said 
30 extemal electrodes of the fluorescent lamps, and electrode connecting lines to which 

an alternating current type power supply is applied are connected to and extend from 
said extemal electrodes of outermost fluorescent lamps. 

5. A backlight comprising: 

35 an upper substrate with an upper layer of fluorescent substance applied on a 

bottom surface of said upper substrate; 

a lower substrate installed to be opposite to said upper substrate and with a 
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lower layer of fluorescent substance applied on a top surface of said lower substrate; 

edge supporting stand interposed between said upper and lower substrates for 
hermetically sealing said upper and lower substrates; 

fluorescent lamp installed at a predetermined interval said lower substrate^ 
5 each of said fluorescent lamps having a layer of fluorescent substance applied on an 
inner peripheral wall of a glass tube of said fluorescent lamp, and extemal electrodes 
of electrically conductive material formed on both ends of an outer peripheral surface 
of said glass tube to wrap said ends; and 

electrodes formed at corresponding outer surfaces on both sides of said 
10 assembled upper and lower substrates, respectively, and coimected to electrode 
connecting lines to which an altemating current type power supply is applied. 

6. The backlight as claimed in Claim 5, wherein said fluorescent lamps are not 
connected to said electrodes but disposed within said upper and lower substrates in a 

15 floating state. 

7 . A backlight comprising: 
a plastic light guide; 

fluorescent lamps disposed at edges of said plastic light guide, each of said 
20 fluorescent lamps including a glass tube into which a discharge gas is injected and of 
which an inner peripheral wall is coated with a layer of fluorescent substance, both 
ends of said glass tube being then hermetically sealed, and end-cap type extemal 
electrodes for wrapping said both ends of said glass tube; and 

a switching inverter coimected to said extemal electrodes for applying square 
25 wave signals having a frequency of lOOkHz or lower to said extemal electrodes. 

8. The backlight as claimed in Claim 7, wherein said external electrode 
fluorescent lamps include a plurality of extemal electrode fluorescent lamps 
interconnected in parallel. 

30 

. 9. A backlight comprising: 

a pluredity of extemal electrode fluorescent lamps interconnected in parallel, 
each of said fluorescent lamps including a glass tube into which a discharge gas is 
injected and of which an inner peripheral wall is coated with a layer of fluorescent 
35 substance, both ends of said glass tube being then hermetically sealed, and end-cap 
type extemal electrodes for wrapping said both ends of said glass tube; 

electrode connecting Hnes for connecting said end-cap type extemal 
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electrodes of said plurality of external electrode fluorescent lamps in parallel; 
a reflecting plate; 
a diffiising plate; and 

a switching inverter connected to said electrode connecting lines for applying 
5 a square wave signal having a frequency of lOOkHz or lower to said electrode 
coimecting lines* 

10, The backlight as claimed in Claim 9, wherein said reflecting plate further 
includes a plurality of triangular stands interposed between said external electrode 

10 fluorescent lamps. 

11. The backlight as claimed in Claim 9, wherein said reflecting plate is in the 
form of wave for wrapping said external electrode fluorescent lamps. 

15 12. The backlight as claimed in Claim 9, further including a plastic light guide 
having diffusing grooves in which said external electrode fluorescent lamps are seated, 
and wherein said reflecting plate is in the form of triangular sawteeth and said external 
electrode fluorescent lamps are disposed along troughs of said triangular sawteeth. 

13. A backlight comprising: 
glass tubes into which a discharge gas is injected and of which inner 

peripheral walls are coated with a layer of fluorescent substance, both ends of said 
glass tubes being then hermetically sealed; 

socket-type multiple capsule electrode structures having a plurality of 
parallel-connected external electrodes with widch said glass tubes are coupled; 
a reflecting plate; 
a diffusing plate; and 

a switching inverter connected to said socket-type multiple capsule electrode 
structures for applying square wave signals having a frequency of lOOldEIz or lower to 
said socket-type multiple capsule electrode structures. 

14, A backlight comprising: 
external electrode fluorescent lamps with external electrode portions thereof 

alternately disposed and transversely overlapped with each other in the middle of a 
35 panel, each of said fluorescent lamps including a glass tube into which a discharge gas 
is injected and of which an inner peripheral waU is coated with a layer of fluorescent 
substance, both ends of said glass tube being then hermetically sealed, and cap type 

, 25 
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external electrodes for wrapping said both ends of said glass tube; 

a reflecting plate; 
a diffusing plate; and 

a switching inverter connected to said external electrodes for applying square 
5 wave signals having a frequency of lOOkHz or lower to said external electrodes. 

15. The backlight as claimed in Claim 14, wherein said external electrodes of said 
external electrode fluorescent lamps are made of conductive transparent electrode 
materials, 

10 

16. A backlight comprising: 

an upper substrate with an upper layer of fluorescent substance applied on a 
bottom surface of said upper substrate; 

a lower substrate with a lower layer of fluorescent substance applied on a top 
15 surface of said lower substrate, said lower substrate being installed to be opposite to 
said upper substrate; 

edge supporting stands interposed between said upper and lower substrates for 
hermetically sealing said upper and lower substrates; 

external electrode fluorescent lamps installed at a predetermined interval 
20 above said lower substrate, each of said fluorescent lamps including a glass tube into 
which a discharge gas is injected and of which an inner peripheral wall is coated with 
a layer of fluorescent substance, both ends of said glass tube being then hermetically 
sealed, and capsule type external electrodes for wrapping said both ends of said glass 
tube; 

25 electrodes formed at corresponding outer surfaces on both sides of said 

assembled upper and lower substrates, respectively, and connected to electrode 
coimecting lines to which an alternating current type power source is applied; 

a switching inverter connected to said electrodes for applying square wave 
signals having a frequency of 1 OOkHz or lower to said electrodes; and 

30 a discharge gas injected into an inner space upon sealing said upper and lower 

substrates. 

17. The backlight as claimed in Claim 16, wherein said external electrode 
fluorescent lamps are not coimected to said electrodes but disposed within said upper 

35 and lower substrates in a floating state. 

18. A backlight comprising: 
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an upper substrate with an upper layer of fluorescent substance applied on a 
bottom surface of said upper substrate; 

a lower substrate installed to be opposite to said upper substrate and with a 
lower layer of fluorescent substance applied on a top surface of said lower substrate, 
5 said lower substrate being installed to be opposite to said upper substrate; 

edge supporting stands interposed between said upper and lower substrates for 
hermetically sealing said upper and lower substrates; 

multiple capsule type electrode structures, said multiple capsule type 
electrode structm'es being constructed by coupling upper and lower electrodes having 
10 surfaces coated with ferrodielectrics and grooves at a predetermined interval and 
beiag then installed respectively on inner portions at both ends of said lower substrate; 

glass tubes coupled with, in parallel, said grooves of said multiple capsule 
type electrode structures installed respectively on inner portions at both ends of said 
lower substrate, each of said glass tubes having a discharge gas injected therein and an 
15 inner peripheral wall coated with a layer of fluorescent substance, both ends of said 
glass tube being then hermetically sealed; 

electrode connecting lines connected to said multiple capsule type electrode 
structures; 

a switching inverter connected to said electrode coimecting lines for applying 
20 . a square wave signal having a frequency of lOOkHz or lower to said electrodes; and 

a discharge gas injected into an inner space upon sealing said upper and lower 
substrates, ' 

19. The backlight as claimed in any one of Claims 7 to 1 8, wherein said switching 
25 inverter constitutes a bridge circuit by foxir FETs A, C and D; and wherein a DC is 

applied to drains of said FETs A and C, sources of said FETs B and C are grounded, 
sources of FETs A and C are comected to drains of said FETs B and D, respectively, 
and a boosting transformer is coimected between a connection point of said FETs A 
and B and a connection point of said FETs C and D. 

30 

20. The backlight as claimed in any one of Claims 7 to 1 8, whereui a square wave 
outputted from said switching inverter includes an overshooting. 

21. A drive method for driving a backlight with a plurality of external electrode 
35 fluorescent lamps interconnected in parallel, comprising the steps of: 

dividing said plurality of external electrode fluorescent lamps into a plurality 
of predetermined regions; 
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connecting identical electrode connecting lines to external electrodes of said 
fluorescent lamps in said respective divided regions, respectively; 

connecting switching inverters for outputting square waves to said electrode 
connecting lines connected to said respective divided regions, respectively; 
5 applying an identical gate signal to each of said switching inverters; and 

supplying said electrode connecting lines with said in-phase square waves 
from said switching inverters in response to said gate signal. 

22. The drive method for driving a backlight as claimed in Claim 21, wherein said 
10 switching inverter constitutes a bridge circuit by four FETs A, B, C and D; and 
wherein a DC is applied to drains of said FETs A and C, sources of said FETs B and C 
are grounded, soxarces of said FETs A and C are connected to drains of said FETs B 
and D, respectivply, and a boosting transformer is connected between a connection 
point of said FETs A and B and a connection point of said FETs C and D. 

15 
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